ABSTRACT.-We collected and identified 1852 prey items from 89 boluses delivered to 62 nestling tree swallows (Tachycineta bicolor) at 14 nests in an upland old field in western Michigan. We found that 90.8% of nestling diets was insects from the Orders Diptera, Homoptera, Hymenoptera and Coleoptera. We also found clam and snail shells in boluses. Over the most common brood sizes of 4-6 nestlings, brood size was inversely proportional to the number of items per bolus delivered to nestlings although mean dry and mean organic weight of boluses did not differ. Bolus composition was not influenced by weather conditions. Nestling diets at our study site were similar in the proportions of many prey items, such as Diptera and Homoptera, to tree swallow nestling diets in other habitats but contained fewer aquatic forms such as Odonata and Ephemeroptera.
INTRODUCTION
The type and quality of nestling diets can provide insight into the life histories of birds. A nestling's diet affects its rate of development (Lack, 1968) , nutrition (Street and McDonald, 1977 ) and size at fledging, which ultimately affects its probability of survival (Perrins, 1980; Smith, 1988) and adult size (Boag, 1987) . Adults diversify food items fed to young to fulfill the nutritional needs of nestlings (Krebs and Avery, 1984; O'Connor, 1984) .
Tree swallows feed primarily on aerial insects, but exhibit regional differences in the proportions and quantities of prey items in diets (Beal, 1918; Quinney and Ankney, 1985; Blancher et al., 1987; Blancher and McNicol, 1991) . Diets of nestling tree swallows have been examined in many habitats, including wetlands (Blancher et al., 1987; Blancher and McNicol, 1991) , open fields and sewage lagoons (Quinney and Ankney, 1985) and around artificial ponds (McCarty and Winkler, 1999) . Variations in nestling growth have been explained by differences in local food abundance (Quinney et al., 1986) .
We studied diets of nestling tree swallows in an upland old field in western Michigan to: (1) determine the types and proportions of prey items fed to nestlings by adults, (2) investigate the relationship between the number of prey items per bolus and bolus weight and brood size and (3) investigate the relationship between bolus composition and weather.
METHODS
In 1997 we assessed the diets of nestling tree swallows reared in wooden nest boxes mounted on metal poles erected in a grid in an upland old field on the campus of Grand Valley State University, Ottawa County, Michigan (42Њ57ЈN, 85Њ53ЈW). The field was bisected by a line of deciduous trees and was last cultivated in the early 1980s. It was characterized by grasses with widely spaced shrubs and trees and contained a vernal pond of less than 0.25 ha. The field was bounded by an asphalt parking lot, a dirt road, a heavily used paved road and a golf course.
We used pipe-cleaner ligatures around the necks of nestlings to collect the boluses of insects delivered to them by adults because this technique provides an accurate representation of nestling diet ( Johnson et al., 1980; Poulson and Aebischer, 1995; McCarty and Winkler, 1999) . Even the smallest prey items were not likely to slip past ligatures because all items in a bolus of food were encased in a capsule of adult saliva. After ligatures were applied we observed adults delivering food to nest boxes and immediately collected boluses after adults exited nests and removed boluses from nestling throats with forceps and placed them in 70% ethanol. Parents delivered complete boluses to individual nestlings. Under a dissecting microscope we identified prey items in boluses using dichotomous keys (Borror et al., 1989) . Prey were identified to Order except Diptera which were identified to subordinal level as was done by Quinney and Ankney (1985) . There were no demonstrable negative effects of ligatures on nestlings. Boluses were collected from 8-to 14 d-old nestlings on 9 different days from 9-27 June. Most boluses were obtained during midday and, thus, provided an accurate indication of daily diet (McCarty, 1995) . We did not measure insect availability or insect size.
We determined the dry weight of each bolus to 0.0001 g after drying in an oven for 48 h at 45 C. Dried boluses were heated in covered crucibles at 520 C for 1 h to burn off organic material. After cooling for 1 h at ambient room temperature we weighed each bolus to 0.0001 g. We calculated total organic weight as the difference between dry weight and postburn weight. Air temperature, solar radiation and precipitation data were collected at an automated weather station located in a similar old-field habitat Ͻ 1 km from the study site. All data were analyzed using SPSS for Windows (SPSS 1995) . All data were not normally distributed. Therefore, we used nonparametric Kruskal-Wallis analysis of variance ( 2 , ␣ ϭ 0.05) to compare the mean number of prey items/ bolus and mean dry and organic weight of boluses delivered to nestlings in broods of different sizes. We used Spearman's rank correlation test (r s , ␣ ϭ 0.05) to compare bolus composition with weather and date.
RESULTS
We collected 89 boluses containing 1852 items from 62 nestlings at 14 nests. Boluses contained 21.8 Ϯ 16.3 (x Ϯ SD) items (range ϭ 1-88 items/bolus). Mean bolus dry weight was 0.03 Ϯ 0.02g (n ϭ 89) and mean organic weight was 0.004 Ϯ 0.011 g (n ϭ 64). There were fewer organic weight samples because 25 samples were accidentally destroyed after drying.
Boluses contained mostly intact arthropod prey. Nestling diets were composed of 44.28% Brachycerous Diptera, 12.5% Nematocerous Diptera, 12.0% Homoptera, 14.5% Hymenoptera and 7.6% Coleoptera. The remainder of diets included Ascaris, Araneae, Hemiptera, Odonata, Ephemeroptera, Lepidoptera, Mollusca (clam and snail shells) and stones ( Table 1) .
The mean number of prey items/bolus decreased significantly with increased brood size ( Table 2 ). The mean number of prey items/bolus delivered to brood sizes of 4, 5 or 6 nestlings differed significantly ( 2 ϭ 20.05, df ϭ 2, P Ͻ 0.01; Table 2 ). However, neither mean bolus dry weight ( 2 ϭ 3.43, df ϭ 2, P ϭ 0.18) nor mean bolus organic weight ( 2 ϭ 1.14, df ϭ 2, P ϭ 0.49) differed over the same brood sizes (Table 2) .
The number of items/bolus was not significantly correlated with date of bolus collection (r s ϭ 0.05) or time (r s ϭ Ϫ0.12), air temperature (r s ϭ 0.02), wind speed (r s ϭ 0.19) or solar radiation (r s ϭ Ϫ0.11) at time of bolus collection. Mean temperature (r s ϭ 0.31) and solar radiation (r s ϭ Ϫ0.03) during bolus collection were not significantly correlated with date. There were no significant correlations between weather conditions during bolus collection and the number of any of the different items/ bolus. However, the mean number of Coleoptera/bolus (r s ϭ 0.93, P Ͻ 0.001) and Hymenoptera/ bolus (r s ϭ 0.73, P Ͻ 0.05) significantly increased with date, whereas the mean number of Nematocerous Diptera/bolus (r s ϭ Ϫ0.75, P Ͻ 0.05) significantly decreased with date.
144(1) THE AMERICAN MIDLAND NATURALIST

DISCUSSION
Diptera were the most common food items in the diets of nestling tree swallows in an upland old field in lower west Michigan. Homoptera, Hymenoptera and Coleoptera were also important food items. Bolus composition was not influenced by weather conditions.
Our study was consistent with other observations of empty mollusk shells in tree swallow diets (Mayoh and Zach, 1986; Blancher et al., 1987; Blancher and McNicol, 1988; St. Louis and Breebaart, 1991) . Snail and clam shells may provide nestlings with supplemental dietary calcium (St. Louis and Breebaart, 1991) because their main diet items, insects, are low in calcium (Studier and Sevick, 1992) . Dietary calcium is important to nestling birds because of the physiological demand for calcium for bone growth (Fisher, 1972; St. Louis and Breebaart, 1991; Barclay, 1994) . Alternatively, these items may be used as grit (Mayoh and Zach, 1986) , which may account for the stone found in one bolus.
The number of items/bolus delivered to a nestling was related to brood size (Table 2) . Parents provisioning larger broods make more feeding visits per hour to broods than do parents of smaller broods (Lombardo, 1991) . Parents could compensate for delivering fewer items/bolus to nestlings in larger broods by delivering heavier boluses (Walsh, 1978) . However, we found no difference in the amount of food (dry weight and organic matter) delivered to nestlings over brood sizes 4-6 nestlings. Similarly, purple martin (Progne subis) parents increased the frequency of feeding visits to larger broods but did not deliver heavier boluses (Walsh, 1978) . In contrast, great tit (Parus major) nestlings in smaller broods were fed heavier prey items than were nestlings in larger broods (Royama, 1966) . The difference between tits and swallows may be that tits typically deliver single prey items (e.g., caterpillars) to nestlings whereas swallows deliver boluses that contain many prey items (Walsh, 1978) .
Like other studies on tree swallow nestling diets in different habitats (Quinney and Ankney, 1985; Blancher et al., 1987; Blancher and McNicol, 1991) , Diptera were the most common nestling diet item. Homoptera were an important food source at all locations but Odonata and Ephemeroptera were more common in wetlands than in drier regions. Thus, the types of insects selected by parents to feed nestlings may depend upon availability.
